We studied the prognostic role of ventricular premature complexes occurring during 1 hour of electrocardiographic monitoring of 416 men with effort angina who had never had myocardial infarction, and compared mortality over 5 years with that of 1739 men with infarction before first observation. Multivariate analyses of survival identified the presence of ventricular premature complexes in 1 hour of monitoring, the presence of ST-segment depression on the standard ECG, and age as the variables making the most important independent contributions to risk of death (all causes and sudden coronary deaths) among the men with angina. The relatively lower age-adjusted 5-year mortality among men with angina compared with those who had a prior myocardial infarction reflects the lower prevalence in the former group of indicators of myocardial dysfunction, such as ventricular ectopic activity and ST-segment depression.
INTEREST in the relation of ventriculai arrhythmia to fatal ventricular fibrillation has focused on the course of disease among patients with myocardial infarction (MI). Monitoring observations in coronary care units, epidemiologic studies using the routine 12lead ECG and monitoring studies of patients who survived acute episodes have all marshalled observations supporting the view that frequent or complex ventricular premature complexes (VPCs) are associated with an excess risk of sudden death.1 5 In an earlier report from the Health Insurance Plan of Greater New York (HIP),6 we presented evidence on the independent contribution to increased risk of death associated with the presence of complex VPCs in 1 hour of ECG monitoring of 1739 men with prior MI. We know of no reports on the prognostic significance of ventricular ectopic activity in patients with angina but free of prior MI. Therefore, we studied 416 men with an unequivocal history of effort angina in the year preceding first observation, and identified characteristics of major importance in predicting mortality of men with angina who were free of prior infarction. We also examined the associations among these characteristics, and made comparisons, where appropriate, with outcome in male survivors of MI.
Methods
Details of the study's methods have been published.6' 7 In brief, over a period of almost 4 years (March 1972 through December 1975), 2155 study coronary heart disease (CHD) patients were identified from a population of 120,000 men ages 35-74 years insured by HIPa prepaid group-practice plan providing comprehensive medical services. Standard baseline observations included interviews to establish personal characteristics and medical history, physical examination and laboratory determinations, a 12-lead ECG and 1 hour of single-lead ECG monitoring recorded on tape. Computer processing of these tapes produced write-outs on ECG paper of all possibly abnormal beats. Double reading of these sections by trained technicians and physicians then provided the basis for classifying patients by ventricular ectopic activity during the monitoring hour. Follow-up of these patients is now complete, with mortality status as of the last observation due before April 1, 1978 known for all patients. The final data, presented in part in this report, are based on an average observation period of 3.5 years (range 2-5.5 years). Four hundred eleven deaths occurred during this period, 349 among the 1739 men who had an MI before the baseline and 62 among the 416 men with angina but no antecedent MI. Patients were remonitored at 6-month intervals up to a maximum of three times after the baseline. The medical management of the patients remained the responsibility of their physicians, to whom the study team routinely reported results of the baseline and follow-up findings.
Statistical analyses that take into account varying durations of follow-up after baseline were used to estimate cumulative probabilities for specified end points. Both bivariate and multivariate procedures were used to assess the influence of VPCs and other characteristics on mortality.8-10 Adjustment of the cumulative mortality shown in the figures for differences in age between groups was made by the direct method, applying specific rates for men 35-64 years and 65-74 years to the standard population, defined as the sum of all study patientsthose with MI before baseline plus those with angina only.
Results

Patient Characteristics
Men with CHD became eligible for this study either by meeting criteria for acute MI within the 9 months before baseline examination or through a history of definite angina" within the preceding 12 months. Comparisons are presented below, when appropriate, 1172 between the 416 men with angina who had never had clinical or ECG evidence of definite or suspected MI and the 1739 men who sustained at least one MI (transmural or subendocardial) before entry into the study. The men with no prior MI are distinctly older than the others: 20% of the angina cohort are under age 55 years, compared with 32% of the MI men; men ages 65-74 years constitute 39% of the angina patients and 29% of the MI patients. Other large differences in prevalence of important clinical characteristics are seen in the age-adjusted rates presented in table 1. Far higher proportions of the men who had experienced MI, in comparison with those with angina only, had ECG abnormalities and congestive heart failure. The duration of known heart disease was, however, greater among the men with angina. The first diagnosis had been made 1 or more years before baseline in 80% of these patients, compared with 40% in the MI cohort. No important differences in prevalence are apparent with respect to the presence of hypertension or diabetes or to treatment with diuretics. A slightly higher proportion of the men with angina were on antiarrhythmic drugs (diphenylhydantoin, procainamide, quinidine or propranolol) at the date of baseline (29% vs 19%), reflecting the greater likelihood of prescription of propranolol for anginal pain.
During the hour of ECG monitoring for ectopic activity, one-third of the men in the angina cohort, compared with over half the men with prior MI, had one or more VPCs (table 2). The prevalence difference between the two groups is especially marked with respect to complex VPCs: R on T, runs of two or more VPCs, and bigeminal or multiform premature complexes. The age-adjusted proportion with such forms was 15% for the angina cohort, compared with 27% for the men with prior MI. But among patients who had complex forms, no important differences appear between the cohorts in proportions of patients with the specified complex features, or in proportions with relatively high and low frequency of VPCs (table 3) .
Overall Mortality Figure 1 shows that over the 5 years after baseline examination, the men with angina who had never had an MI had a lower risk of death than age-comparable men who had survived infarction by the start of the observation period. After 5 years, the cumulative ageadjusted probability of death from all causes in the angina men was 18.0%, compared with 24.3% in the men with prior MI. During this observation period, men who had had an infarction showed 1.3 times the mortality risk (age-adjusted) found among the angina men (logrank x2(l) = 3.9, 0.01 < p < 0.05).8 Sudden coronary deaths are defined in this study as those occurring within minutes of a patient's usual state of health in the absence of symptoms or findings suggesting acute MI. In this respect, the men with prior MI are at a still greater disadvantage: 5-year cumulative probability of sudden coronary death was 11.0%, compared with 4.7% for the men with angina only. Sudden coronary death was almost twice as likely in the MI men compared with those with angina alone (ageadjusted relative risk 1.9, X2(I) = 7.2, 0.005 < p < 0.01). Sudden coronary deaths expressed as a percentage of all cardiac deaths were 41% for the angina cohort (18 of 44) and 53% for the MI cohort (149 of 279).
Age and Mortality
Increasing age is associated with increasing mortality in men with CHD, as in the general population. Because the men in the angina cohort are older than the MI survivors, rates are adjusted for age whenever comparisons are made. But the role of age in mortality differs between the two cohorts. An age-specific examination of survival ( fig. 2 ) shows that differences in risk of death between men with and without prior MI are almost entirely due to the subgroup of men under age 65. The overall mortality differential between the younger men with and without prior MI reflects the relatively increased risk of sudden coronary death in the younger men in the MI cohort. This results in a disadvantage in the oldest men (ages 65-74 years) that is relatively more pronounced in the men with angina alone than in men who have had an MI. The agerelated mortality differential among the men with angina closely resembles that found in the general US population.V
PCs and Mortality
Among men with CHDthose with angina only and those with prior MI as wellthe presence of VPCs during 1 hour of ECG monitoring identified a group at elevated risk of death over the ensuing 5 years. For the men with antecedent MI, mortality risk of those with only simple VPCs in the monitoring hour appears intermediatesomewhat above that for men free of VPCs and distinctly lower than that for the men with complex forms (fig. 3 ). Little difference in survival is found among the men with angina between those with complex VPCs and those with only simple VPCs in the hour, but mortality in both these groups far exceeds that in the men without ventricular ectopic activity in the hour ( fig. 3 ). In an earlier report of this study that presented 3-year survival data for men with prior MI,6 analyzing these patients for the presence of complex beats in the monitoring hour offered an easily definable classification useful in survival analysis. The additional years of follow-up have resulted in a shift of the curve for the men with simple VPCs to show a risk over the 5-year period that appears somewhat higher than that of men without VPCs (age-adjusted relative risk 1.4, logrank x2(1) = 5.5, 0.01 <p < 0.025). Nevertheless, among these men the dichotomy between those with and without complex VPCs in the monitoring hour still provides better separation with respect to risk of death (age-adjusted relative risk 2.1, logrank X2(l) = 47.6, p < 0.0005). But among the angina men with no MI before baseline, the data fall more appropriately into a dichotomy between men with one or more VPCs in the monitoring hour and those without such complexes. This classification discriminates well between men at relatively high and low risks of death, both among the men with angina only and those with prior MI (fig. 4 ). likelihood estimates, assesses the relative contributionsof one or more covariates to the mortality risk. Table 4 summarizes findings for 11 two-variable Cox regression models. Each line of the table stimmarizes a model that includes the indicated clinical characteristic and age (dichotomized as ages 65-74 years vs ages 35-64 years).* We examined all clinical characteristics that in earlier analyses of men with prior MI had been associated with increased mortality risk. Table 4 shows the risk associated with the presence of the factor relative to that in its absence, with age controlled, and gives chi-squares testing the statistical significance of both age and the characteristic combined. No significant contribution to mortality risk is made by any of the variables below the fourth line of the table, when age is already present in the model. Important elevations in risk of death (all causes and sudden coronary deaths) are found in relation to VPCs, ST-segment depression, and T-wave abnormalities when these three features, controlled for age, are examined one at a time. The increased risk is found whether the arrhythmia is expressed as one or more VPCs vs none, or as complex VPCs vs no complex VPCs, but better contrast is apparent with the former classification. No increase in risk of death can be attributed to any of the other clinical features listed (variables 4-10, table 4 ). The statistically significant chi-squares associated with the models for these other characteristics in each case reflect the contribution of age to the risk.
Models that included all of these variables and specified subsets were also examined. Variables that made no statistically significant contribution to the likelihood function were successively eliminated. When age and the variables listed in table 4 as 1 a and 2-10 were all included in the model, only three of the 11 variables made significant contributions to the likelihood function. These were the variables dichotomizing age, presence of VPCs and the presence of ST depression (X2(l 1) = 56.6,p < 0.0005). Because the presence of T-wave abnormalities when examined individually with age made a significant contribution to risk (table 4, variable 3), a four-variable model including this variable was examined. Again, only age, ST depression and the presence of VPCs contributed significantly to risk (x2(4) = 53.9, p < 0.0005). The apparent contribution by T-wave abnormalities when examined individually (controlling only for age) reflects the frequent finding of these abnormalities in the presence of ST depression.
The best fit is provided by the three-variable model (x2(3) = 53.6, p < 0.0005). Table 5 gives the relative risks associated with the three variables when simultaneous adjustment is carried out. The relatively older men have 2.3 times the risk of death shown by *Examination of mortality among the angina men under age 65 years shows no linear relationship with age, although an important increase in probability of death arises among the men aged 65-74 years. For this reason we defined age as a dichotomous variable in the Cox models. As the other variables included are dichotomous as well, this decision on age classification also permits simpler interpretation of the results. tThe chi-square test with two degrees of freedom is a measure of the statistical significance of the joint role of age and the specified characteristic in explaining the observed data in the Cox model.
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tIn the construction of the Cox models, t, defined as the estimated coefficient obtained from the model divided by the estimated standard error of the coefficient, is an approximate measure for evaluating the contribution of an individual variable to the joint model. An absolute value of t > 1.96 is a criterion for including a variable for further study in Cox models for all causes of death. younger men; men with VPCs in the hour have twice the risk of men free of any such complexes; and men with ST depression have 2.9 times the risk of other men, adjusted for other variables in the model. With only 18 sudden coronary deaths occurring among the 416 men in the angina cohort, caution is appropriate in the analyses with respect to the relative risks shown on the right-hand side of the table. But there is little question that the three variables also show a strong relationship to risk of sudden coronary death, with the presence of VPCs or ST depression increasing the relative risk to three to four times that found in their absence.
Cumulative probabilities of death in relation to the presence of ST depression and VPCs, with age controlled, are shown in figure 5 for the men in the angina only and prior MI cohorts. The curves for the four patient groups in each cohort follow similar patterns. Men with CHD from both cohorts who have both ST depression and VPCs in 1 hour of monitoring have three to four times the likelihood of dying over 5 years, compared with men who have neither ST depression nor VPCs at baseline. Intermediate risks are found for men with only one of these ECG abnormalities.
Among the 416 men in the angina cohort, three variablesage 65 years and over, presence of VPCs and presence of ST depressionare significantly associated with increased mortality over a 5-year period. Levels of risk in relation to the presence of various combinations of these characteristics are summarized in table 6. Men ages 65-74 years with both ST depression and VPCs have 14 times the risk of death shown by younger men with neither of these ECG abnormalities. The presence of VPCs in the monitoring hour among younger and older men, in the presence and absence of ST depression, is associated with an approximate doubling of the risk of death.
Discussion
Studies of the natural history of angina in defined populations show that the risk of death among men with newly diagnosed angina closely resembles that among men after a first MI. An earlier study from men with MI in this study when age alone is con- (392) trolled. But when subgroups from the two cohorts are $720VP-defined that are also comparable with respect to presence of VPCs and ST-segment depression, no im-5-5/vPsnoSrc portant difference in survival is apparent in relation to -50O experience of prior MI (fig. 5 ). We conclude that the ing with a number of characteristics thought to reflect coronary patients (men with prior infarction and those with angina only) are associated with an increased risk of death over a 5-year period. This risk, which is particularly high with respect to sudden coronary death, has been shown to be independent of other indicators of myocardial dysfunction, such as ST-segment depression and congestive heart failure.6 A recent study of the prognosis of 2566 men with coronary disease showed that ventricular arrhythmia on the standard ECG had an independent role in risk of death when adjustment was made for angiographically determined ejection fraction and severity of coronary vascular disease. 26 Some observations on the duration of ECG monitoring for ectopic activity were included in an earlier publication.7 Of the CHD patients identified as being at high risk of sudden death based on the hour of ECG monitoring in this study, only one-fourth had VPCs on the standard (1-minute) ECG. Thus, the hour of monitoring significantly increased the size of the group shown to be at excess mortality risk. Over a 5-year follow-up, 167 sudden coronary deaths occurred in the study group. Of these, 73% had shown one or more VPCs and 45% had shown complex VPCs during 1 hour of baseline monitoring. Thus, despite the known hour-to-hour variability in ectopic activity among CHD patients, the single baseline hour provided strong prognostic information in this epidemiologic study.
We conclude that among men with ischemic heart disease, ventricular ectopic activity detected in 1 hour of monitoring identifies a group at elevated risk of death, whether or not MI has been previously diagnosed. VPCs and ST-segment depression, along with relatively older ages, are powerful predictors of mortality among the men with angina. For example, men ages 65-74 years who have both VPCs and ST depression are at four times the risk of death experienced by men of the same age, and at 14 times the risk of younger men without these abnormalities. Risk of sudden arrhythmic death, which is relatively high among patients with CHD, is further increased by the occurrence of ventricular ectopic activity, not only among men who have had an MI, but also among patients with angina only.
